A pulsed-field gradient-enhanced, heteronuclear cross-polarization-driven, 3D HCCH-TOCSY experiment is described, which in a single scan can achieve nearly ideal solvent suppression for protein samples in H20 solution. The 3D experiment can be transformed without additional pre-or post-processing, thus leaving solute resonances at the solvent resonance position undisturbed and easily identifiable. As the gradients are used in combination with a 13C z-filter, only minimal relaxation losses are encountered as compared to non-gradient versions.
Summary
A pulsed-field gradient-enhanced, heteronuclear cross-polarization-driven, 3D HCCH-TOCSY experiment is described, which in a single scan can achieve nearly ideal solvent suppression for protein samples in H20 solution. The 3D experiment can be transformed without additional pre-or post-processing, thus leaving solute resonances at the solvent resonance position undisturbed and easily identifiable. As the gradients are used in combination with a 13C z-filter, only minimal relaxation losses are encountered as compared to non-gradient versions.
Assignment of the NMR resonances of larger biomolecules is generally carried out by analyzing a combination of several multidimensional multinuclear experiments. A widely used protocol is to obtain main-chain resonance assignments from three-dimensional (3D) tripleand quadruple-resonance experiments and to compile side-chain resonance assignments from 3D HCCH-COSY and HCCH-TOCSY experiments (see Bax and Grzesiek (1993) and Clore and Gronenborn (1993) for recent reviews). The two assignment subsets are linked through the H ~ and C ~ resonance positions. While the original HCCH experiments are based on INEPT (RINEPT) sequences (Bax et al., 1990; Fesik et al., 1990) , we have later introduced a sensitive heteronuclear cross-polarization (CP) based 3D HCCH experiment we now refer to as CP-driven HCCH-TOCSY (Majumdar et al., 1993) . In most cases, the HCCH-type experiments are acquired using labeled proteins dissolved in D20, because of complications with solvent suppression in H20-containing samples. It is very desirable, however, to use the same sample of ~3C/15N-iabeled protein dissolved in 95% H20 for both the triple-resonance experiments and the HCCH experiments, in order to avoid chemical shift changes between the experiments associated with isotope effects and with sample handling per se. Kay and co-workers, recognizing this, have recently modified the INEPT-based HCCH-TOCSY experiment with pulsed-field gradients (PFG) to allow 3D HCCH-TOCSY spectra to be recorded in H20 (Kay et al., 1993) . In this communication, we show that pulsed-field gradients can also be successfully incorporated into the 3D CP-driven HCCH-TOCSY experiment, to produce an extremely high degree of solvent suppression in this sensitive experiment. Good solvent-specific suppression is especially important for the HCCH-TOCSY experiment because of the necessity to observe in the direct dimension H ~ signals, many of which resonate close to or coincident with the water resonance. For ideal solvent suppression, the signals under the water resonance should not be disturbed at all and a flat baseline near water must be obtained. We show that the gradient version of the CP-driven HCCH-TOCSY experiment approaches this ideal situation. The suppression method used should also be applicable to other net-magnetization transfer CP NMR experiments.
The pulse scheme for the PFG-enhanced CP-driven HCCH-TOCSY experiment is shown in Fig. 1 . The sequence is very similar to the CP-driven HCCH-TOCSY experiment described previously (Majumdar et al., 1993) .
*To whom correspondence should be addressed. , 1989) ) in the indirect ~H dimension was obtained by incrementing the phase of the first JH pulse; quadrature detection in the ~3C dimension (States-TPPI) was achieved by phase-shifting the ~3C pulses in the first heteronuclear CP sequence together with the optional trim pulse. The field gradient pulses had a square shape and were 3 and 1 ms in length, and corresponded to 48 G/cm each.
Source proton magnetization, frequency labeled during t~, is transferred to the attached ~3C nucleus over the onebond scalar coupling via heteronuclear cross-polarization (Bertrand et al., 1978; Bearden and Brown, 1989; Zuiderweg, 1990 ). The resulting ~3C magnetization is frequency labeled in t 2 and subsequently transferred to other carbons in the same residue through a homonuclear TOCSY transfer (Braunschweiler and Ernst, 1983; Bax and Davis, 1985) ; finally the 13C magnetization is transferred via another heteronuclear cross-polarization sequence to the destination proton and detected. For a more detailed description of these (and unwanted) pathways the reader is referred to the original paper on this experiment (Majumdar et al., 1993) . Water suppression in this sequence is achieved by the use of B 0 field gradients as strong homospoil pulses. With the first proton pulse, the water resonance is tipped into the transverse plane. The subsequent heteronuclear cross-polarization, carried out as a complete DIPSI-3 R(-R)(-R)R sequence (Shaka et al., 1988) , serves as an efficient isotropic spin-lock for the water resonance, keeping it in the transverse plane. This magnetization is subsequently dephased by a strong pulsed-field gradient. In the meantime, the coherence of interest has been transferred to the attached 13C nucleus and is stored along the z-axis during the PFG block. Water magnetization, relaxed back to the z-axis by T 1 processes during t I and t 2, is unaffected by the first gradient pulse. This component is tipped into the transverse plane by a 90 ~ 1H pulse and subsequently dephased by the second field gradient pulse. The PFG-90-PFG block therefore efficiently dephases all water magnetization (Kay et al., 1993) . Once all water magnetization has been destroyed, continuous wave irradiation (i.e. a radio-frequency field gradient) is used to dephase any solvent magnetization reemerging by T 1 processes during the 13C TOCSY period. This c.w. irradiation will not affect signals associated with H ~ magnetization, because there is no proton magnetization of interest at this time.
The sequence accomplishes 13C pathway selection through z-filtration. In contrast to coherence pathway selection methods based on gradient phase encoding of transverse magnetization (Hurd, 1990) , the method presented here avoids the inherent loss of "~ in sensitivity associated with echo selection. Gradients occur in the sequence while the magnetization of interest is aligned along the +/-z-axis, thus only incurring sensitivity losses associated with the relatively slow ~3C T1 relaxation. The sequence does contain two additional 90 ~ 13C pulses as compared to the original CP-driven HCCH-TOCSY experiment. However, we found that, even though 13C rf pulses of only limited rf strength were issued, the sensitivity losses caused by these pulses were minimal in the microcell NMR tubes used. In principle, the sequence accomplishes in-phase HCCH pathway selection in a single transient and therefore allows for very high threedimensional resolution. The HCCH pathway selection is accomplished by the following events: (i) 1H x,y-magnetization associated with non-~3C bound protons present during t~ is spin-locked by the 1H component of the first CP period and dephased by the gradients, as described above; (ii) equilibrium 13C magnetization (Sz) is returned to the z-axis at the end of the first CP period. It is con-
